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(57) ABSTRACT 

A system that captures and eliminates indoor pollutants and 
chemical and biological agents within a HVAC system by 
breaking down the pollutants and chemical and biological 
threats into non-hazardous molecules. The Surface area cre 
ated by crystalline titanium dioxide nano-structures results in 
highly effective elimination rates when catalytic ionization 
by UV exposure occurs. The catalyst is activated with UVA 
light. 
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AIR HANDLER ANDPURIFER 

0001. This application claims priority to U.S. provisional 
application Ser. No. 60/975,697. 

BACKGROUND 

0002 EPA data show that people are subjected to a variety 
of health risks when driving in cars, flying in planes or being 
exposed to a variety of indoor pollutants when in home or at 
work environments. In addition, infectious diseases caused 
by various bacteria, viruses and spores in the hands of terror 
ists have become serious threats. The purposeful release of 
threat agents is an important problem of national, strategic 
importance. Conventional technology for protection is based 
on high efficiency filtration. However, filtration just captures 
the biological threats, it does not neutralize them. The bacte 
ria and viruses captured in those filters may come off the filter 
and back into the air. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003 FIG. 1 illustrates a design of the antimicrobial unit 
showing two arrangements of UV light sources. 
0004 FIG. 2 illustrates an example of an assembled Bio 
logical Elimination Unit (BEU) based on the design depicted 
in FIG. 1. 
0005 FIG. 3 illustrates three filter structure configura 
tions. 
0006 FIG. 4 illustrates a colorimetric procedure method 
flow chart. 
0007 FIG.5 illustrates Bacillus subtilis spores killing per 
formance of the tested optimized filters. 
0008 FIG. 6 illustrates a reduction of anthrax spores when 
immobilized on catalyst and exposed to UV light at 365 nm. 
% reduction. 
0009 FIG. 7 shows results of a study of a colorimetric 
procedure used for the protein concentration determination is 
shown in FIG. 4 and Table 3. 
0010 FIG. 8 shows results for testing different filter struc 

tures. 

DETAILED DESCRIPTION 

0011. It is essential to maintain good indoor air quality and 
to protect homeland and overseas U.S. targets from chemical 
and biological attacks. Embodiments of the present invention 
greatly increase both the indoor air quality and the protection 
of high profile stationary targets. This technology will miti 
gate attacks via HVAC systems. Within an HVAC system, the 
conventional approach for air quality improvement or 
defending against chemical or biological attacks is to capture 
gases and particulates. HVAC systems using HEPA filters and 
activated charcoal attempt to capture threats for Subsequent 
disposal. In addition, the air can be treated with germicidal 
UV lamps which will decrease survival rate of biological 
organisms but, at the same time, increase indoor OZone levels 
and therefore health risks. Embodiments of the present inven 
tion will capture and eliminate indoor pollutants and chemi 
cal and biological agents within a HVAC system. Embodi 
ments of the present invention work, by breaking down the 
pollutants and chemical and biological threats into non-haz 
ardous molecules such as carbon dioxide and water. The 
Surface area created by crystalline titanium dioxide nano 
structures results in highly effective elimination rates when 
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catalytic ionization by UV exposure occurs. The invention's 
catalyst is activated with UVA light, which does not possess 
health risks due to ozone production of some germicidal UV 
lamps. However, in some applications like bio threat mitiga 
tion, a user may choose to enhance the system efficiency by 
incorporating germicidal lamps. Therefore, embodiments of 
the present invention will maintain good indoor air quality at 
homes, office buildings, plane interior air or automobile inte 
rior air. In addition, the embodiments of the present invention 
will mitigate attacks via HVAC systems on government build 
ings and high profile stationary targets. 

Embodiment 1 

0012 Flow-through photocatalyst filter for collection/in 
activation/decomposition of biological contaminants and 
decomposition of air contaminants: 
0013 To achieve biological contaminants collection rate 
of 99.5%, designed is a flow-through filter depicted in FIG.1. 
This approach expands the application of the invention to 
biological contaminants like bacteria, viruses and spores. The 
new design provides a high collection efficiency for biologi 
cal air contaminants and increases their contact with the pho 
tocatalyst resulting in their Subsequent destruction. 
0014 FIG. 1 illustrates a design of the antimicrobial unit 
showing two arrangements of UV light sources. This design 
utilizes a flow-through filter to maximize the contact time of 
contaminants with the photocatalyst. 
0015. An example of an assembled Biological Elimination 
Unit (BEU) based on the design depicted in FIG. 1 is shown 
in FIG. 2. 
0016. The material for a flow-through catalyst support 
may be selected from a variety of choices including, but not 
limiting to, commercial semi-HEPA filters, commercial 
HEPA filters, and commercial enzyme HEPA filters, all pro 
viding a high efficiency particulate trapping. Two factors are 
important in determination of the right Support material for 
the photocatalyst: performance in collection of Bacillus sub 
tilis spores used as example for a bio contaminant (Table 1) 
and the pressure loss across the filter (Table 2). Commercially 
available semi-HEPA filters may be used as flow through 
supports for the application of the flow through filter design. 
However, other materials are possible for this application if 
they provide a high collection rate of spores at low pressure 
loss across the material with deposited catalyst. 

TABLE 1 

Asacillus subtilis collection performance of the examined filters 

Spores Spores 
concentration concentration 

Filters (TiO, coating in upstream in downstream 
volume) cfu/ml) cfu/ml) Trapping 

Semi-HEPA wio any 3.6 x 10 1.2 x 10' 99.97% 
coating 
Semi-HEPA (coated 6.7 x 10' 2.4 x 10' 99.96% 
with 18 g/m titania) 
Semi-HEPA (coated 2.4 x 10 2.8 x 10 99.88% 
with 35 g/mtitania) 
HEPA wio any coating 5.2 x 10' 1.0 x 109 99.998% or 

or less Ot 
HEPA (coated with 4.4 x 10' 1.0 x 109 99.998% or 
10 g/mtitania) or less Ot 
Enzyme HEPA 1.8 x 10' 1.0 x 109 99.994% or 

or less Ot 
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TABLE 2 

Pressure loss data for the examined filters 

Filters (TiO, anchored volume) Pressure loss Pa 

Semi-HEPA who coating 48 
Semi-HEPA (coated with 18 g/m 52 
titania) 
Semi-HEPA (coated with 35 g/m2 62 
titania) 
HEPA wio anchoring 144 
HEPA (coated with 10 g/mtitania) 166 
Enzyme HEPA 124 

0017. The photocatalyst was deposited on one side of the 
chosen support material. Four UV light tubes were providing 
the activation of the catalyst. Two kinds of BEU units Were 
assembled; the first model was using 365 nm light to activate 
the photocatalyst and the other 254 nm germicidal light to 
activate the catalyst. 
0018. The photocatalyst based flow through filter demon 
strates very high collection efficiency for biological materi 
als. However, to achieve a high inactivation rate of collected 
biological material in a reasonable short time, the filter may 
be modified with an antimicrobial metal. Examples of anti 
microbial metals include, but are not limited to, silver, plati 
num, and copper. The metal may be deposited on top of the 
photocatalyst layer, below the photocatalyst layer, or co-de 
posited together with the photocatalyst as depicted in FIG. 3. 
0019 Watanabe et al. disclose in U.S. Pat. No. 6,294,246 
a multifunctional material with a photocatalytic function, 
where a photocatalytic layer comprises photocatalytic par 
ticles and Smaller particles between the photocatalytic par 
ticles, whereas the smaller particles are silverparticles or they 
contain metal ions. In this case, both photocatalytic particles 
and the smaller particles are subjected to UV radiation from 
the UV light source, and this significantly reduces the effi 
ciency of the filter as silver ions are reduced under the UV 
radiation to silver metal particles. Silver ions are generally 
considered as having much higher germicidal activity than 
metallic silver particles. In order to avoid the reduction of 
silver to silver metal, a strong UV radiation absorber such as 
titanium dioxide is placed on top of the layer containing 
photosensitive ionic silver. 
0020. This difference in the filter efficiency has been 
proven in the following series of experiments. Three filter 
structure configurations as described in FIG. 3 have been 
tested. One of them, as in FIG. 3(c) has a structure similar to 
the one disclosed by Watanabe et al. The efficiency of this 
structure was found to be similar to the efficiency of the 
photocatalyst only without adding silver. After testing differ 
ent filter structures, it was found that the structure shown in 
FIG.3(b), where ionic silver layer was covered by the layer of 
UV absorber photocatalyst, has highest spore inactivation 
efficiency. The results for these tests are shown in FIG. 8 (The 
experimental data shown in FIG. 8(3) correspond to structure 
shown in the FIG.3(b)). 
0021. An example of an effect of Ag and titania at opti 
mized loadings on Bacillus subtilis deactivation/decomposi 
tion using arrangement B from FIG.5 may be used. 
0022 Procedure: 10 ml Bacillus subtilis solution (107 pcs/ 
ml) were transferred into two sets of three quartz bottles. Bare 
semi-HEPA was added to the first bottle. The semi-HEPA 
filter coated with TiO, was added to the second bottle. The 
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semi-HEPA filter coated with TiO/Ag modified semi-HEPA 
filter was added to the third bottle. The first set of three bottles 
was agitated in dark conditions, and the second set was 
exposed to UV irradiation (intensity: 0.5 mW/cm, wave 
length: 254 nm) during the agitation. The samples of Bacillus 
subtilis solutions were collected after 1 hour, and the remain 
ing protein amount was determined using DC Protein Assay 
(manufactured by Bio-Rad Laboratories Inc.). The calorimet 
ric procedure method flow chart is, shown in FIG. 4 and the 
method conditions in Table 3. The results are presented in 
FIG.S. 

TABLE 3 

Conditions of colorimetric method 

Items Conditions 

Filter Semi-HEPA filter FP-14S-A (Oshitari Ltd) 
Sample size 1.5 cm x 3 cm 
Reaction Quartz glass: 5 x 5 x 0.05 cm 
Container Glass petri dish: (p4.5 cm 
Spores of Bacilius Subiiis NBRC3134 
bacilius subtiis Vendor: National Institute of Technology and 

Evaluation 
Spores of Concentration: 107 CFU/ml, Quantity: 10 ml 
bacilius subtiis 
Solution 
Sterilizing lamp HITACHI lighting Inc. GL15, Wavelength: 254 nm, 

Strength: 4.3 mW/cm 
TOPCON Inc. UD-25, UVR-25 
Bio-rad Inc.-DC Protein Assay 
(Protein standard: bovine gamma globulin) 

UV light meter 
Reagent for 
measuring protein 
amount 

0023 FIG. 5 illustrates Bacillus subtilis spores killing per 
formance of the tested optimized filters. 
0024. Results: FIG. 5 confirms that the bare semi-HEPA 

filter does not show any inactivation in a dark condition, and 
requires UV light to achieve inactivation. A TiO, modified 
semi HEPA filter demonstrates the same behavior, but the 
inactivation effect of germicidal light is less than in the case of 
the bare semi-HEPA filter due to UV light absorption by the 
TiO photocatalyst. A TiO/Ag modified semi HEPA photo 
catalyst has almost the same inactivation effect as the bare 
semi-HEPA filter under sterilizing light, but it also demon 
strates spore inactivation in a dark condition. It has been 
demonstrated before that all filters have a trapping rate better 
than 99.98%. These data confirm that the elimination rate of 
trapped spores after 1 h is above 99.95 on an optimized 
TiO/Ag modified semi HEPA filter. 
0025. An example of a successful elimination of AMES 
strain Bacillus anthracis in liquid phase on the present inven 
tion catalyst is described. 
0026 Test Unit. The inventor in collaboration with South 
west Foundation for Biomedical Research (SFBR) chal 
lenged the present invention square column native photocata 
lyst with Anthrax Ames strain. The test setup consisted of 
two-6 W Hitachi FL6BL tubes mounted 1 cm above a flat 
stainless steel removable plate. The removable plate was used 
to hold the samples of the catalyst subjected to the test. The 
FL6BL tubes provided UV illumination (365 nm) of the 
catalyst samples. The whole setup was mounted inside a 
stainless steel box with a removable cover. Two internal fans 
were used for air recirculation. 

0027 Preparation of Test Unit. Twenty-four hours prior to 
the start of each trial, the test unit was sterilized. Following 
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the sterilization, the test unit was placed in a biosafety cabinet 
in a BSL-3 facility for Anthrax challenge. 
0028 Experimental Design. B. anthracis (AMES) spores 
were applied to the TiO, catalyst test sheet in the liquid phase. 
Once dry, test strips were randomized into UV-- (365 nm) and 
Dark groups. Petri plates containing the catalyst test Strips 
were then exposed to UV (or dark) within the test box. Test 
results are summarized in FIG. 6. The time points represent 
the duration of exposure to UV. Tests included (1) Anthrax 
test; (2)-bacteria, +UV control; (3)+bacteria, -UV control. 
0029 FIG. 6 illustrates a reduction of anthrax spores when 
immobilized on catalyst and exposed to UV light at 365 nm. 
% reduction shown. 
0030 Elution of test strip. At the completion of each time 
point, 3 ml of sterile PBS were added to the Petri dish con 
taining the test strip. The strips were rocked for 15 minutes at 
37 degrees Celsius. Serial dilutions of the eluted spores were 
then plated in duplicate onto tryptic Soyagarplates containing 
5% sheep's blood, then incubated at 37 degrees Celsius. At 
16-18 hours after plating, eluted bacteria was enumerated and 
reported as total CFU. 
0031 Results and Discussion. At 15 minutes exposure to 
the UV source, a 99% inactivation efficiency was docu 
mented. Increased exposure of the catalyst to UV light for a 3 
hour period resulted in a 99.5% inactivation rate. 

Embodiment 3 

0032 Decomposition of the biological material into car 
bon dioxide and water: 
0033 Procedure: 10 ml Bacillus subtilis solution (107 pcs/ 
ml) were transferred into four glass bottles. The semi-HEPA 
filter coated with TiO, was added to the second bottle. The 
semi-HEPA filter coated with Ag TiO, was added to the third 
and fourth bottles (Aganchored volume in bottle 3:0.42 g/m: 
in bottle 4:1.1 g/m). All bottles were agitated under dark 
conditions. Another set of four bottles were charged in the 
same way and subjected to UV irradiation (254 nm) during 
the agitation. The samples of Bacillus subtilis solutions were 
collected at the time points of 48, 120, 168 hours for measur 
ing the protein amount using DC Protein Assay (manufac 
tured by Bio-rad Laboratories Inc.). The DC Protein Assay is 
a reagent used for measuring protein amounts based on the 
Lowry method. The colorimetric procedure used for the pro 
tein concentration determination is shown in FIG. 4 and Table 
3. The results of the study are shown in FIG. 7. 
0034 Several conclusions can be drawn from the collected 
data: 
0035 1. The semi-HEPA filter coated with the AgTiO, 
photocatalyst—(silver loading 1.1 um) has a better protein 
decomposition effect than the AgTiO, filter with silver load 
ing of 0.42 g/m in a dark condition. 
0036 2. These semi-HEPA filters anchored with AgTiO, 
photocatalysts 1 and 2 increased further their protein decom 
position performance under germicidal UV light illumina 
tion. 
0037 3. The semi-H EPA filter anchored with a TiO, 
photocatalyst without silver has a poorer protein decomposi 
tion performance than does the semi-HEPA filters anchored 
with silver. 
0038. As mentioned above, silver anchored to TiO, 
enhances not only inactivation performance, but also the 
decomposition performance of the collected spores of Bacil 
lus subtilis. There are two theories explaining antibacterial 
properties of silver. The first theory, “Ion theory.” describes 
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silver ion (Ag+) as an antibacterial metal that reacts with the 
SH radical in the cell to inactivate the energy metabolism of 
the cell, resulting into cell death when Ag+ adheres to the 
protein such as at the cell membrane (enzyme). The other 
theory, “Active oxygen theory, postulates that silver is work 
ing as a catalyst to decompose water molecules and create 
hydroxyl radicals that eliminate bacteria or virus. 
0039 Postulated the reason why the AgTiO photocatalyst 
has good decomposition performance on the spores of Bacil 
lus subtilis is based on the “Ion theory”. At first, silver ion 
adheres to the spores of Bacillus subtilis, penetrates the shell 
and reacts with a protein enzyme to block the energy metabo 
lism of the cell that inactivates the spores of Bacillus subtilis. 
The reaction of silver ion with various proteins contained 
within the spore provides disorders in the cell structure of the 
spore. From the second side, the hydroxyl radicals (-OH) 
created by the TiO photocatalytic reaction will attack the 
outside of the spore to decompose it in stages. Furthermore, 
disorders in the cell structure of the spores allow the OH 
radicals to easily penetrate the cell and to promote decompo 
sition of the cell content. 

Embodiment 4 

0040. Design of the photocatalyst capable of high effi 
ciency collection of biological contaminants followed by 
inactivation of the collected biological material and decom 
position to carbon dioxide, water, and, mineral acids/their 
salts: 
0041. The developed catalyst provides three stage mitiga 
tion of the biological threat. In the first stage the biological 
material (spores, bacteria, viruses) are collected on the Sur 
face of the filter (99.98% as demonstrated in Embodiment 1). 
After the biological material is collected, the catalyst, UV 
light and silver together provide efficient inactivation of the 
living organisms (99.95% in 1 hour as demonstrated in 
Embodiment 2). After that, the catalyst still acts on the col 
lected and neutralized material and fully decomposes the 
material into carbon dioxide, water, and mineral acids/min 
eral salts (Embodiment 3). If any organic contaminants (ciga 
rette Smoke, sick-house syndrome, acetone, acetaldehyde, 
etc.) are present in the air stream, they will also be converted 
into carbon dioxide, water, mineral acids/mineral salts. 
Therefore, the catalyst provides three stage protection against 
biological contaminants and also improves the quality of the 
treated air. 

0042 Embodiments of the present invention will maintain 
good indoor air quality at homes, office buildings, airplane 
interior or automobile interior. In addition, the Embodiments 
of the present invention will mitigate attacks via HVAC sys 
tems on government buildings and high profile stationary 
targets. 
0043 
0044 collection efficiency of 99.98% for Bacillus sub 

tilis in a single pass. 
0045 99.95% inactivation rate of collected Bacillus 
subtilis spores after one hour under UV. 

0046 decomposition of the biological material by con 
Verting the material into water, carbon dioxide, and min 
eral acids and their salts. 

0047. In addition, in another example we achieved 99.5% 
inactivation of Bacillus anthracis (AMES strain) spores in 15 
minutes. 

In one example the invention demonstrated: 
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What is claimed is: 
1. A filter material for gas and liquid comprising: 
a Support layer; 
a layer of binder on the support layer in which ionic silver 

and/or metallic silver particles are incorporated; and 
a layer comprising particles of photocatalyst deposited on 

the layer of binder, 
wherein loading of ionic silver varies from 0.1 to 10 grams 

per square meter of the filter material, and loading of 
photocatalyst particles varies from 1 to 100 grams per 
square meter of the filter material, and wherein the layer 
comprising particles of photocatalyst is a topmost layer 
adjacent to an ongoing flow of the gas or the liquid. 

2. The filter material as in claim 1, wherein the support 
layer comprises glass fibers. 

3. The filter material as in claim 1, wherein the support 
layer comprises semi-HEPA. 
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4. The filter material as in claim 1, wherein the support 
layer comprises HEPA. 

5. The filter material as in claim 1, wherein the ionic silver 
is in a form of silver salts. 

6. The filter material as in claim 1, wherein the binder 
comprises silica Sol. 

7. The filter material as in claim 1, wherein the photocata 
lyst comprises titanium dioxide. 

8. An apparatus of air treatment comprising: 
a chamber with an inlet and an outlet for air flow; 
an air filter positioned so that air is forced to flow through 

the filter; and 
a source of UV radiation that irradiates a topmost layer of 

the air filter, wherein the topmost layer comprises a 
photocatalyst. 


